METHOD OF LASER BEAM MACHINING 



Publication number: JP2003266185 
Publication date: 2003-09-24 

inventor: FUKUYO FUMITSUGU; FUKUMITSU KENJI 

Applicant: HAMAMATSU PHOTONICS KK 

Classification: 

- international: B28D5/00; B23K26/00; B23K26/04; B23K26/40; 

H01L21/301; B23K101/40; B28D5/00; B23K26/00; 
B23K26/04; H01L21/02; (IPC1-7): B23K26/00; 
B23K26/04; B28D5/00; H01L21/301; B23K101/40 

- european: 

Application number: JP20020067406 20020312 
Priority number(s): JP20020067406 20020312 



Report a data error here 

Abstract of JP2003266185 

PROBLEM TO BE SOLVED: To provide a 
method of laser beam machining by which the 
cutting force for cutting a semiconductor 
substrate is kept constant and a part to be cut 
is formed on the semiconductor substrate. 
SOLUTION: The method of laser beam 
machining is characterized in that the method 
is provided with a process in which a part to be 
cut in parallel 9a is formed in the 
semiconductor substrate 1 by irradiating the 
semiconductor substrate 1 with laser light by 
focusing on the inside of the semiconductor 
substrate 1 and forming a fusion-processed 
region by a multi-photon absorption inside the 
semiconductor substrate 1, and a process in 
which a part to be vertically cut 9b is formed 
inside the semiconductor substrate 1, and the 
formed density of the fusion-processed region 
at the part to be vertically cut 9b is larger than 
the formed density of the fusion-processed 
region at the part to be cut in parallel 9a so 
that a cutting force for cutting the 
semiconductor substrate 1 along the part to be 
cut in parallel 9a and a cutting force for cutting 
the semiconductor substrate 1 along the part 
to be vertically cut 9b become equal. 
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i 3ic7F-f^ign 9©^^**<bi i [c^-rn^ i 9© 

***«kyti*#<ftoTfey. cftWU, B14I: 
*r»lSM&3x#<y hi 5©*:££fcgi 2li^ti§a 

fctfoT* SHkASfiltti 3©*£££*£<-r&*:a6 
[zit. U-ifft©/<7-£*#<^*U£cfcl^ 
[0 0 4 8] ^9ftStK©SS^^8ltffiSffi«$-C© 
S^£50Bi;*i£©ll&[::oi*T. Bi 5tMLtH« 
tl»o Bi 5li. ¥3H*S&1©^®1 7UHZJBr;fcFjb< 50 



[0 0 4 9] Bi 5(-^-Tcfcd(3> #SttXffil©g® 

f irj: y i ©^@ 3 o«&*i5«i©ffi t 

SB3*&©EBtf:fc#l*8Hftax#? hi 

5 alette Sa3^C)©ffi«^/hSl^}SMfll3gX7R^ 

i ©5i-3»e>*ts«©ffi-e*4affi3A^«iR*s«9 

5*-e©E«*/h*<-r*ttf. as 

«Br^3E»9f=»ofc«K*F*/hS<-r*Ci^"C* 

[0050] c ©#»{**« i ©£B3fr€>SHfflJI1H 
«i 3*-e©ffiKi*. i ©rt»f=feJt* u— 

if «©«ftjSS©tt«*H«5-r 4 d £ iCcfc o TfflW? & z 

[005 1 ] ±»LfcU— *ftoX*aiCffiJSS*L 

Bi 6l*u— ifftixggi o o©SEB§18J$B-T?fc 

[0 0 5 2] U— tfJfflXgg 1 O O (i. is— ifftl_£& 
4tSU- ifft25l 0 1 ir. U— ifftL©/*?— v>»y 
«UM»**B»-r **=»!:: U— ifftSSl o i £ftJt9 

■r*u— if«s*j»«i o 2 u— if ft l ©£***£& 

ftL^OU- *fftL©ft$fi©|pj££9 0° 

KIBS£;hfr^*f ^P-<*;/^ == v~1 03i, $f-f*P 

-f^S7- 1 0 3T?JE»**tfcU— 1f*L*jfc*f* 
mftJBU>Xl 05^, 0 5T-ijfe**l 

B£l 07t, SS^ 1 O7jHlg^§fc^0Xf 

~vi oat. MWi$^ o i £ xtt*ftu:»»si*<5fc 
a6©X»X J r— i?1 0 9ir. ti^l 0 7$x$6^rRj(^ 
tt3c^^Yffi*^|c^ifi^i±i)/ci6©YfftX7 1 — vl 1 
1 11^1 0 7*XlU&tfYtt*|RilzHS-r*Z«i 
*fillC»«l*1i-*fc«>©Z*SXT— 1 3 c^t, 
4 00Xf-v1 08, 109, 111, 11 3©^i& 

SMW-riX^f— y«|»ttl 1 5££{tx£o 

[0 0 5 3] ^^3. ZW*fiIli*3Wt*ttl ©a® 3 £ 

fi£T*:*fP)£:©T*. l=A»-r*u-if ft 

3*Ztt*fRllC»ifi*i±4C^(Z<fcy. *3H*Sffil© 

*S3«I^I**S*»S1 ©rt^©^rM©iiSlcu~ 
f 3t L 0)M^ P -5 - i: ^t- ^ -5c £f-. C© 

mft^p©x (y) NanasaMu ^»»sfii *x 

(Y) 16X^-^1 O 9 (1 1 1 ) |C*y X (Y) 

[0 0 5 4] is— tfftiii o i f£/<;uxu— *f%$:%± 

t^Nd : YAGU-lfffc^o U— if *S 1 O 1 Izffl 
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U— if t Lt, C<7)te. Nd:YVO 
4l/- If. Nd : Y L F £ >if ^ 7 -< 7 

Iftffc*. *Hkffl31««*»a'r*a-&lCli. N d : Y 
A G U— if . Nd : YVO4 U— if . N d : Y L F U— 

[0 0 5 5] U— !f*QXgg1 O 0 14* 61^ t£S#1 

0 7icmm*ftfc4^**«i swa*ttf=«fcyBawr 10 

*ii±fci2iis*tfcwa*ffla)t=— ax^u^* 1 1 9 

0 5 kon\z#<f9 u<i v<? S^— 1 O 3 **Kg£*iT 
l*£ 0 tf-AX^'J 1 1 91*. pm#|g<7>£j¥#£ 

sit y l^o pra»a<D 

1 1 g-e«¥#4<JE*£*u ca)Kit**LfcRra*»*« 20 

[00 5 6] ifjrox^Mi o oi*£t>iz. e— ax 

1 1 9. ^-<^P-T V*£^ — 1 03&tfJ»3fe 
1 St/8SU>X1 2 3^§ e 2 1 <hL 

XI 05. 2V^P-f 7^S7- 1 03. tf— ax^<; 30 
1 1 9£fii£L. S«U>X1 2 3-e*S«£*tTg 
1 2 1 VWl&2*i % Wl&t-Z t ft* e 
[0057] u— ifflox^Mi ooii£f>rz. g«Ht^ 

$j2il3i 2 5i:, ifADXSSi o o±#£ftm-? 

1 2 7 <h. ^E-S 1 2 9 £ £fit*.* 0 9tt 

^-s&sspi 2 5 1*. m&T-$$:mzLxm.mmi}t 

31 1 1 7T*^LfcRra3t<7)^^SS®3Ji(C-&t>1±^ 

©-f^-cH^y. nr«#a>«i £ 3 5 £ 5 

1 2 5it Wi&T—z&mzLTmm 3 0>ffi*ii®^0> 

2 7rzst>*i. ±»«i»»-efta«a3b<ft*.*i. ^-^ 

1 2 9 {z&t,H& 0 ZtliZ& l) % — £ 1 2 9 ic&fcil 

[0 0 5 8] ±<*4«©Sfl1 2 7|C(i % Xf-vllWl 
1 5frt>(DT—$^ W&^r— ^MSSl 2 5frt><D!I^ 50 



as&iSPSi 02. s^^Ttsi i 7&i;x j f— e>*»»» 

1 i 5S«w-r*ctiZct9. u-ifJraxgai ooi 

[0059] jsit. -tlH if tax^S i o o SJBivfe 
•*a>*MftflMBlc«4 u-iftaXT^icoi^TtftiE-r 

[0 0 6 0] *HS£^SIlZ&£ U— tfft3X75Sfe(i. #s 

— ffiJ^A<1 x 1 OB (W/cm 2 ) JsJ.±"ejao/< 

[oo6i] I*. Hi 71^-r^ 

5fw. t l JX>f-V3>777 h (JSTF TOFj <hl> 
7) 2 1 ^t^v'J=l>^x/\ (J?£ 625jim, ft 
§6>f>f) Trfey. $®3S (1 00) [§ <t L. OF 

2 1 IzWrftS&tfo F 2 1 leSttft®* (110) 
R* -Tft^^gMS^-r^^cDtrfe^o 

[0 0 6 2] Sfc. #3S!K&ffi-ete. «10>?*IrH*OF 
2 1 <DS^73lRH3^FfTft*|RlT-fey. m2(D73fR][iOF 
2 1(7>S^77fS]|cMlIft7^rp]T*fc^o $t,IZ. miOT7 

[0 0 6 3] f lt, *Slft»ffliz«*u-iflnix*a 

fci+sjSHffisaisEflD^rtffijsicit^ aa«K?£tt 

[0 0 6 4] Cttli. OF 2 1 ©ft^TafiJI^ftfCifflBr 

-rsa^izit^ o f 2 i o«^fp3ic^iiiz^j»T-r^ 
»*a>is3*<*#ft«K**»-r*^*i^ ^»T*^r 

ix£4£3i<*&*£i *H»i=«K-r*a^<Dis536<**ft 

iz fc If ^> SStffiSa« CD J^fiEffig ^ S It ©r^ fz 

it*»»ffla«*a>^sa*K<-r*i:. aa«w^ 

9 y trfe^o 

[0 0 6 5] *mfel&mT'\t. \s— *fi?tk LT/<;UXU 
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[0066] *Sl£JBfirwff & u— tf Jnx^©*{*« io 
8 1*. **«^I8lwff«u— ifanx*56*KS-r*fc«> 

[0 0 6 7] #S<*Sffil <7)3tq&i|X^tt^Iil^L 

l*T. ¥#{*Sffi1 [^^LTS0^^^SXI*Qai|XO'>36: 

i*afcso>u— ifftL^itsi/- if*«i o 1 

« (S101). 
[0 0 6 8] f LT, U » 

fcTfT«Bf*s«*»*-r *fc«>a) if*a>« y is l 
«y sua (si 03) 0 4*5. *s<* 

1 <DS@ 3 (C(4g-r ^ U— *f ft L (DMHtfiL p £S*<t L 

1 oaizrftsestLfcw**^— *&«»yaLHaR 30 

[0 0 6 9] ^0>&. **<**fil Sb- IfJrax^Mi 

oocDmS'&i o7±ictigL. Mi%ai 1 7*& 

ia«ft**£Sl*T*»{*»ttl £BBBj|-r& (si o 

5) o ■n»*tfe¥*(*MEi <d*®3*««*ti 2 

1 icj:ya*r*. IS*^i 2 1 icfcygftsttfcS 

ClS-^Tgfi^— * 1 2 5l*aS?JEft 

hi 1 7 0>Rra*a>«fi3&<affi3i=:tt«-r4 < i:3ftftjs 

^— *£>i£s:-f £ (s 1 o 7) D 40 

[0 0 7 0] C(7)^£^r — £l*X^r— iMRMM 1 5 \Z 

vkz>ti&o xf-vWSi i 51*. zo)Mf~^ £ 

SlrLTZWX^r— i?1 1 3 £Zffi;£fa}(D^I&£-t*& 
(S 1 0 9) o C^Zcfcy. MS*S1 1 7CDpJS5fe 

0) ffijg3b^»»S« 1 (D^®3fc^M-r-& 0 g& 
^r— **&3ISl 2 5 1*. g«^— *lC»-5l\T¥»fl* 

ffii 0)ii3a)S*i8if- ^*3IS-r^o co&ifcii 

«^-^l*±i*Sg®®1 2 7^L«-^ 1 2 9|z£ 

t>*w c^ic^y^e— * i 2 9rz^9ftXfii (omm 3 



[007 1 ] g|l>T. OOF21 0>fi** 

-a-T^J:5. 0Xf~v1O8l:j:y^If*SSlS 
(S 1 i 1 ) o fit. Xf-;^S 1 03l: 

TSues4i±«wMP«i 2 7iz^^A^^^fc^asT 

ffltti 1 5i*c<Z)^it)*^— ^izft^txr. L/—- *fftL 
<DaftjSPJb<¥»t*£tt1 ortS££*tiBi:^ z$ax 

f-v1 1 3 f=£y 1 *Z»*fi!lc»iiSl* 

& (S 1 1 3) o 
[0 0 7 2] *<D'&^ Xf7^S 1 O 3IZ-C*£S*l* 

2 7lc^tf>A***ifc* Wt«K*36»*» 

«-T4fca6<Du— tr*cD«yiSLsaaA^ u— 

WWtti o 2fziS&*L*p u-lfftSHM»tti o 21*;: 
©8yiL@8»f-^i:i^T, i/-1fMioi 

tf*L**^4-frr. U— if ft L 
1 lz[g*rt-«. U— If 3ft LflOJIftjaP !**»(**« 1 <D 
rt«H:itt1ILTl*£<D"t?. ?Sa«&3®ffiiai*^SitSffi 1 
(Drttt(C0>*MfMfc**t*. -t LT. XlfiX-x— i/1 0 9 
*Y|»Xt— e?l 1 1 lzJ:y*SH**tRl £l£I&£i± 
t\ 1 OWffllz^fr«W^S«* 2 mmrelW 

(S 1 1 5) . 

[ 0 O 7 3 ] 10OF21 (DS^S 

fiII-aiIft*fil3^YX-T~ vl 1 1^hP-^^|S]l: 

EHSSt*-* (SI 1 7) o fit, Xf^^S 1 o 3 1C 
rft3E*#t±(*«»»1 2 7(Z^^A^I^ttfc. ii^i 

ZtzibO) U-if ft(DSi y ILI^g 

*<. u— ifstsMBwi o 2ic2i&*L« Q u— "fatasiw 

*&PSB1 O 2f*C0>«yELJB*»5 s — u 
— if*SM 0 1 3&x6 L^— +FftL£S£££i*T. U— tf* 

l 1 icBMt-r *. u—y * l p 1* 

(*¥&{*£« 1 0>temz0)*H&tfLi!HZ >o fit, Xtt 

xf-vi o 9-^Yfax^— vi 1 iizj:y#»f*Sffi 
1 s»B*i*T. 1 ©rtsuizsaww^sffi 

^ 2mmP B 1PlT*1ga^^'r^ (SI 1 9) 0 
[0 0 7 4] C^cfcai^LT. iH 1 7(Z^-r^f*Sffi 
1 (7>rtSPlC[* v 01 9 IZ^-tJ: o iZ^ffWm^^ 9 a 

T, @20 & tf H 2 1 Iz^s-T cfc 3 fc. B 2 1 lentil 
^IBt^^SP9 blcfcif^j§M«a^X7K^ h 1 sco^^S 

^XTK-y H 5^7)f^i?£^(cJt'<i^<^^:oTU^^o ^tt 

i=*y. mM&mm*<M»titm&&m*t Ltzm-siz*. 

ofc«K*3&</J^*<a:y. ¥^i^SSP9afi^ofc 

[0 0 7 5] LfrA<oT. C<0^3H*Sffi 1 (r> ^ U— 
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[0076] ki±. *&w<DmmteM\z'D^xmm\zm 
[0077] ±iaa*B»i*. 

a l::»ofc«W*£M«8i*£« 9 b Ic^o^^ 

R:fc£SiBffl»rFSffl9 bfz»o;fc«Wa£*<H«£ft 

[0 0 7 8] Zitz. ±EStK^J8l4. 1 A* & 

jE#» (ia*<2mm) y U^ii* 

cfc^ftit^rct. aKfi*^a>*sa*iRii:fijfl*iRji:-e 

[0 0 7 9] ?bC, **Mlca3t\TI*. »1<D*Ir]I= 

SS«**-rH-ej&y. 12 3I4*jSxtK^ ku— Mnx 

[0 0 8 0] 12 2(C^-TJ;5IC. 2^/f^hl/>X 

i 3 i &mi\ ¥3{*s«i coji^ftiz&^u— ifsfc 

L<Dlfc*jS P 1 JSiXSP 2 1 COrt^lcP^fZ 



: (J5£3 00//m) 

U— »f *3^a&g : 1 0 6 4 n m 
t*~Al : 0 5 mm 
fcf— 2±Zfnz?7 << }\* : T EMoo 
&m&m£&W : 6 0//m 
■BLm&ZZtZ&S: 240//m 
fi^J^N. A. : 0. 6 
fiJRj£N. A. : O. 8 
U>X*m : BK 7 

[ O O 8 1 ] 12 3 (CtfT 3MI?{*SS 1 

^i^^^s®3figicm3fe^u>xi o 5iz«fcy u— if* 
ffioXBfi 7«w&a>*3fcfiiu>xi 0 5iz<fcyu— if 

*L2 <7> P 2 £ d t -C. *Sf**ffi 1 (7) 

■e t -3 tfflRtSS 9 S»«t S ^ t 

[O O 8 2] 

ifjnx»3*tj:*ttf. #^(*^«a>^^(cm*^*^t) 

i=*tt**t* i (Dwrn^mukn 2 ©ww^s** t » 

fir, ca>ffl»r*<D:*#S(** 

*S»(=felt*aK«*©^rtttffli:*2a)«BrTffi» 
^SlOW^t, *2<D«W^E»lz»oT#SM* 

*«*«BT-r«fc«>a>*2a>«j»r*t36^#ta-5«fc5 

[11] *ltlt»J8l-«*U-1fiPX*aizJ:*U— If 

Jnx 43 cD^#{*Sffi0) ¥@ 1 v & & . 

[12] 11 (^^-r#3(*^fi(7)ii-iigrcj9ofc®T® 
i-cfe^o 

[13] **»»I8(z«*u— ifJnx*afc«fe*u— If 

aixaco*?i(t*fia>¥®H-eft* 0 

[14] l3lC^-Ti*iS{*^ffiC0IV-IVSlw^-Dfc©r@ 
iTrfc^o 

[15] l3lZ^-r*»»»ffia)V-VSf^ofc»T®@ 

[16] *S8ifi»fflr=«su— iftDx^arrcfcyfflR* 
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S^fc^>o 10 

[Hio] *»K»fflic«*u---t( s lni»«c < fcy»iii 
o*W—o> u— if *3b«rtfiPf3*3fe**tr 

a>Br®0T:fc£o 
[Hi 2] Hi 1 lc**-U— tf*0)fiS»l3j:oT^iS* 

[01 3] 01 i (Dig^ct y**tv<«7— cDu-— tm/>< 20 

[01 4] Hi 3i:*tU- y^OBBWfwcfcoT^ja* 

[015] *siss^ffi(c«^##»sffi<7>a®ic^jw* 

[016] *!6»»«8lc««u-ifftixS«a)«BS«|j« 



0"CrS)^o 

[017] *SIJ6^filz«^#aftSS(7)^«@^fc 

[018] *sas»»i3«*u— ^jox^ft^Rw-r* 

[01 9] 01 7^-r#»ffSfi<7>IXX-IXXeiZj9-D 

fc8r®0-efc£ o 

[02 0] 01 9 izinT*mte&&(nxx-xx&\zfe~itz 
®T®0-efc^>o 

[02 1] 01 Qi^-r^SftSficoxxi-xxiSiz^o 

[0 2 2] hi/- ifiPXCOmi CDliJS«*^ 

[02 3] h tFJnxa)*2(DSIDii«*^ 

[»#<7>i»E] 

1 ...*«H*»fiu 5-«BfT369-f 7- 

*»«SL 9-«Br*S». 9 a-¥fr«»r*£fik 9 
b—SttWR*^W. 1 1-v'J3>Oia, 1 3— » 
R&JiffiigL i s-'-MMMXtK? K 1 7 -a®. 1 
9— fML 2 1-t'Ji>f-va>777K 100 
- b-firaigf , i o i — imsu 10 5-S* 

m LslsX^ 1 08-0 Xf-V, 109 — XifbX^f— 
V. 1 1 1-YiXf-*A 1 1 3-Z|ftXf-V, F 
— fflBf*. U LK L2-U- if A. P. PK P2 
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9 



[86] 




[07] 



[is] 



100 
90 
80 
70 

| 60 



50 
40 
30 
20 
10 - 



[B9] 
9 



i 



* * * * 



V 

15 




*t=100//m 
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(51) Int. CI.' fSSdlE^ Ft f-73-K(##) 

H0 1L 21/301 B 2 3 K 101 : 40 

// B23K 101:40 HO 1 L ■ 21/78 B 

L 

F£— A(##) 3C069 AA01 BA08 BB01 BB02 BB03 

CA05 EA02 
4E068 AD01 AE01 CA02 CA03 CA11 
0A10 



